new therapeutic tools and strategies designed to treat PE patients.
Despite these developments, the mortality rate for patients who present with massive or high-risk PE remains high. 6, 7 Additionally, there is a lack of robust evidence investigating or comparing each strategy as well as current standardized guidelines in the treatment of acute PE. Consequently, treatment decisions are often based on expert opinion, which can be inconsistent and variable. To address this need, multidisciplinary rapid response teams focused on PE have developed across the world. These pulmonary embolism response teams (PERTs) aim to expeditiously engage multiple experts simultaneously to generate a thoughtful, coordinated, and comprehensive treatment plan for each PE patient. Recently, these teams formed the PERT Consortium, an international nonprofit organization, whose goal is to guide and influence PE care. The purpose of this article is to define the PERT concept and purpose, describe the structure and operation, review the evidence for efficacy, and explore future directions for research that is needed to solidify the idea.
| CASE PRESENTATION
A 64-year-old woman presented to the emergency department complaining of 1 week of cough and increasing dyspnea on exertion. Her symptoms had progressively worsened in the 24 hours before presentation, with associated scant hemoptysis and dull substernal chest pressure. She had a past medical history of hypertension, hypothyroidism, DVT, and PE 8 years prior but had been off anticoagulation for the past 6 months. On presentation, her vital signs were: temperature 37°C, blood pressure (BP) 109/56 mm Hg, heart rate 108 bpm, respiratory rate 22, and oxygen saturation of 92% on room air. Electrocardiogram showed sinus tachycardia. Labs were remarkable for a troponin of 0.46 ng/ mL (normal <0.1 ng/mL). A contrast-enhanced chest computed tomography angiogram was ordered ( Figure 1 ) which showed a saddle PE with extensive extension into bilateral pulmonary arterial branches and segments, and an enlarged right ventricle. She was immediately started on unfractionated heparin infusion (UFH) and transferred to the intensive care unit (ICU) for closer observation.
Although low-molecular-weight heparin with its rapid and reliable bioavailability and excellent safety profile was considered, her initial providers preferred UFH, as they believed it allowed for optimal management flexibility, especially since advanced therapies may be considered. On arrival at the ICU, the patient's vital 
| DEFINITION AND PURPOSE OF PERT

| STRUCTURE AND OPERATION OF PERT
There are many ways to create a PERT and the organization and The size and management of teams also differ and range from a small intimate group to a large inclusive group and from 1 physician in charge of running the team to a steering committee overseeing the entire enterprise, respectively.
Similar to the diverse composition and organization of PERTs, the operation of each PERT differs across programs. Each PERT has an infrastructure that can rapidly identify appropriate patients, activate the team, and assemble necessary resources if advanced interventions are warranted. Often, teams will also arrange for published papers, and 32 were selected for inclusion.
As an example, to activate the PERT at MGH, any referring med- 
| EVIDENCE FOR EFFICACY OF PERT
Most patients with PE are successfully treated with anticoagulation alone, and many will have no lasting consequences. 41 However, there is a subset of patients at increased risk of rapid hemodynamic decompensation. Guidelines have been developed to help identify patients at risk for short-term mortality and clinical deterioration. The American College of Chest Physicians, 42 American Heart Association (AHA), 43 Survivors of acute PE are also at risk for lasting adverse effects. 47, 48 In a recent prospective cohort study, almost half of PE patients have exercise limitation at 1 year, defined by percent-predicted VO 2max <80% on cardiopulmonary exercise testing, which influences their quality of life and degree of dyspnea. 49, 50 Other cohort studies evaluating the degree of functional impairment following acute PE found that 45% to 52% of surviving patients exhibit a New York Heart Association heart failure score of ≥2 at 6 months to 3 years of follow-up. [51] [52] [53] It is believed that the ele- MGH, Massachusetts General Hospital; N/A, not applicable; PE, pulmonary embolism; PERT, pulmonary embolism response team.
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the introduction of PERT. 65 This increase is largely attributed to greater utilization of CDT, which grew from 1% to 14%, and reports from other PERT institutions show similar use of CDT. 8, 58, 63, 66 Possible reasons for the increase in CDT cases include (1) greater awareness and recognition of severe PE, (2) inclusion of interventional specialties in the management of PE, (3) evidence from the PEITHO trial that systemic thrombolysis prevents hemodynamic decompensation in intermediate-risk PE, 46 and (4) the perception that CDT causes less bleeding than systemic thrombolysis. 67 The increased use of advanced therapies did not seem to result in increased major bleeding or mortality in these series. 65, 66 This may be due to continued improvements in catheter technology and technique, more stringent monitoring of patients receiving thrombolytic therapy, or improved protocols. However, the sample sizes in these studies may not have been large enough to accurately describe CDT's bleeding risk.
As a consult service, PERT has been well received by adopt- 
| FUTURE DIRECTIONS FOR RESEARCH
While the growth of the PERT model has been exponential, and numerous manuscripts have been published describing the development of similar teams (Tables 2 and 3) , objective evidence confirming the effectiveness of the approach is still limited. Most of the research studies published to date are descriptive in nature. 8, 63, 66 While these studies have been helpful in describing the PERT model and expected effect of implementation, several key questions remain to be answered. The most important of these are (1) do advanced therapies provided by PERTs improve clinical outcomes?
and (2) does the multidisciplinary decision-making process integral to the PERT approach change clinical care in a positive way? Future research should be directed toward answering these questions. In addition, work is required to show that the PERT approach is cost-effective and consistent across centers. The majority (69%) were treated with anticoagulation alone. CDT was performed in 28 (9%) patients, systemic thrombolysis in 14 (5%), surgical thrombectomy in 8 (3%) patients, and suction thrombectomy in 1 (0.3%) patient. IVC filters were placed in 47 (15%) patients, and 8 (2%) patients were placed on ECMO.
F I G U R E 4 Activation of PERT at Massachusetts General Hospital. Parentheses indicate other ways to engage in a PERT
The PERT paradigm was rapidly adopted with activations increasing 16% every 6 mo after implementation. Bleeding complications were similar among patients treated with CDT and anticoagulation alone, both 4%. Report of an innovative treatment approach to 31 patients with acute PE that incorporated a PERT and implemented a regional referral system to facilitate patient transport and reduce time to intervention. Establishing the appropriate timing of therapeutic intervention will also be important, as studies have yet to show that early intervention is associated with improved outcomes. 64 It will be challenging but critically important that studies are powered to assess patientcentered clinically important outcomes. Fortunately, outcomes like inpatient and 30-day mortality, recurrent VTE, and bleeding are rare.
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Long-term morbidity is also difficult to assess, and no gold-standard criterion exists for its measurement. To address these challenges, novel methods and large, Consortium-based studies will be necessary to demonstrate benefit of advanced therapies and the PERT approach.
| Does the PERT decision-making process
improve PE care?
| The multidisciplinary rapid-response team
More than simply facilitating access to advanced therapies, the main innovation of the PERT approach is the provision of real-time, rapid, multidisciplinary consultation and discussion. The concept of rapid response teams is not new, and similar teams have been applied to the treatment of stroke, ST-elevation myocardial infarction (STEMI), trauma, and shock. [75] [76] [77] [78] [79] [80] For patients with impending shock, cardiovascular collapse, or airway or respiratory compromise, rapid response teams have been shown to reduce mortality in both adults and children. 64, 81, 82 It is therefore logical to extrapolate this evidence to the PERT.
In contrast to most PERTs, stroke and STEMI teams are typically composed of specialists from a single specialty (eg, neurology or cardiology). Thus, these teams are less notable for their multidisciplinary nature than their ability to expedite access to a 
| Practice variation and quality care
There is no standard approach to creating a PERT, and there is variability in the structure of PERTs across institutions. 9, 10 There also appears to be substantial variation in the use of specific therapies across institutions with PERTs. 9, 10 Unpublished data from the PERT Consortium show that the use of CDT varies from 0% to 20% across institutions, and the use of advanced therapies varies from 16% to 46%. Whether this variation is related to different patient demographics and risk profiles or due to potential biases that may be inherent in the PERT process such as resources available in an institution or experiences or treatment preferences by the selected PERT members is not known. However, the presence of such practice variation may represent a call to action to optimize clinical decision making. 83 Thus, future research should explore whether practice variation across PERTs belies variation in quality care, and whether standardization of practice would improve outcomes.
| Cost-effectiveness
As above, implementation of a PERT requires investments in infrastructure and clinician time. Currently, there is no mechanism to provide reimbursement for multidisciplinary care, so much of the multidisciplinary approach endorsed by PERT relies on physician 84 It is possible that the PERT approach may have a similar beneficial effect, but research is required to demonstrate these outcomes.
| Prevention, follow-up, and education
While the primary focus of most PERT programs is acute inpatient care, integrating multiple specialists into a single "PERT follow-up clinic" may improve long-term treatment and secondary prevention. 12 For example, rates of IVC filter removal are low, so research demonstrating that follow-up in a PERT clinic improves these rates would be inviting. 85 for institutions to collaborate on many aspects related to patient care.
Currently, the PERT Consortium is working on a consensus practice document including PERT algorithms aimed at providing a comprehensive review of diagnosis, management, and follow-up care of PE patients. This document is being created by a group of experts from a multitude of disciplines who are carefully reviewing the available literature along with practice surveys and algorithms from many institutions. The PERT Consortium hopes that these decision-making tools will be helpful to clinicians when deciding which patients are candidates for various treatment options. Moreover, as more institutions join the PERT Consortium, there is opportunity to collect a substantial amount of information on PE patients. Indeed, the PERT Consortium has recently created a centralized database that will allow institutions to benchmark their performance and quality of care with other insti-
tutions. This quality-of-care information will be especially important in establishing the effectiveness of PERTs.
| CONCLUSION
The PERT is a novel team-approach program with the purpose of providing better and more coordinated care to acute PE patients by facilitating rapid consultation and expert consensus with a multi- 
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